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Abstract 
This report describes some improvements i n  the experimental 
system, including the use of a sealed, magnetically driven gear pump, 
and insertion of several mixed bed ion exchange columns i n  the de- 
mineralizing system. A detailed account of a transport experiment is  
given. A l l  factors necessary for calculating the s a l t  and volume 
transport through the membrane are considered and the f inal  equations 
relating sal t  and volume flow t o  the da ta  recorded for each half-cell 
are given. 
i v  
I .  Introduction 
T h i s  is the seventh quarterly report of a research program designed 
to (a) construct one apparatus i n  which transport of s a l t ,  ions and water 
across membranes can be determined w i t h  differences i n  concentration, 
electric potential and pressure as d r i v i n g  forces, together w i t h  the mea- 
surement of membrane and streaming potential, and (b)  perform a variety 
of transport measurements i n  i t  to determine the range i n  which linear 
relationships between fluxes and forces exist. T h i s  will permit us to  
study the performance of separators and membranes from a minimum number 
of basic characterization measurements. 
The experimental system has been described i n  the f irst  annual 
report (November, 1968). 
ported i n  the f i f t h  (February, 1969) and s i x t h  (May, 1969) quarterly 
reports. 
is  given and the calculations necessary for  obtaining the s a l t  and water 
flows are outlined. 
Minor alterations i n  this system have been re- 
In this report a fu l l  description of the experimental procedure 
I I e Experimental 
1I.A. Transport Cell and Concentration Feedback Mechanism 
A description of the experimental system, consisting of a trans- 
a concentration feedback mechanism and some aux- port measurement cell 
i 1 i ary equipment , was presented i n the first annual report (November 
1969). 
reported i n  the sixth quarterly report (May, 1969). 
Some improvements i n  the concentration feedback mechanism were 
In this system, the s a l t  concentrations of the two solutions 
bounding the membrane are kept constant while s a l t  and water transport 
is  taking place. T h i s  was achieved by introducing concentration-feedback 
1 
mechanisms i n  the enriched and depleted cell compartments. The system 
diagram is shown i n  Figure 1. Small conductance probes (cell constant 
about  6 )  are introduced i n t o  the two half-cells separated by the tested 
membrane. The resistance of each probe is compared t o  a reference re- 
sistanceg and the difference i s  monitored continuously by means of a 
1605-AH impedance comparator (General Radio Co. West Concord Mass. ) 
Large capaci t o  s are inserted between one of the conductance probes and 
the respective comparator t o  block the DC loop via ground between the 
two half-cells. In order t o  reduce the AC loop current, one oscillator 
only i s  used t o  energize the measuring bridges of both comparators. 
The o u t p u t  voltage of each impedance comparator i s  amp1 ified and 
when the monitored resistance difference (between the reference re- 
sistance and the conductance probe) reaches a preset valueg a feedback 
mechanism is set i n  motion by means of a relay system. A t  the depleted 
side of the membrane the relay actuates an automatic microburet (American 
Instrument Company, Silver Springs,  Md.) which injects concentrated sa l t  
solution i n t o  the cell compartment, until the resistance of the conductance 
probe again fa l l s  below the value of the reference resistance". A t  the 
enriched side the relay actuates a small magnetically coupled gear pump 
made of stainless steel (Catalogue No. 7004-8, Cole Parmer Co., Chicago, 
I l l . ) .  T h i s  pump replaces the plastic centrifugal pump (Cole Parmer 
No. 7004-1 ) used i n  earl ier  experiments. I t  has "Teflon" gears i n  a 
*The amount of concentrated solution, injected in to  the cell by the 
automatic buret each time the concentration f a l l s  below the preset valve, 
has t o  be very small t o  minimize a concentration overshoot. T h i s  was a- 
chieved by inserting a mechanical recycling contact, wh ich  closes only 3% 
cycle time (2 seconds), between the relay and the variable trans- 
used t o  slow down the buret motor. T h i s  eliminates problems 
by the necessity t o  use a fa i r ly  h i g h  voltage t o  run- the buret 







body made of 316-stainless steel. The internal volume is very low (a 
few cc) and even a t  h i g h  flow ates there is virtu l l y  no heat t r  
ferred t o  the l i q u i d .  The pump is driven by a universal motor and can 
be operated a t  very low flow rates. I t  circulates a small par t  of the 
cell solution through a mixed-bed ion-exchange column t o  remove s a l t  
from the solution and stops when the column has taken up enough s a l t  t o  
increase the probe resistance t o  t h a t  of the reference resistance. 
Thus the amount of s a l t  and water transported is n o t  calculated from 
the change i n  so lu t ion  concentrations, b u t  rather from the amount of 
s a l t  added by the buret or removed by the column, together w i t h  the 
volume changes i n  the two compartments measured in capillaries connected 
t o  each half-cell e The s a l t  transport and the water transport rate are 
measured a t  each side of the membrane i n  order t o  verify the mass balance. 
Normally the system is able t o  keep the half-cell concentrations constant 
within 0.03% over l o  
depends on the tempe ture stabil i ty,  the ate o f  so’lution g i t a t i o n  i n -  
side the half-cells, solution concentration, and the concentration of the 
solution i n  the microburet. At the enriched side several demineralizing 
columns are inserted i n  parallel. In this way diffe ent experiments can 
be performed successively by switching the cell solution circulation from 
one column t o  the other using shut-off valves made of 316 stainless steel 
(RS-4 Cdhi tey Research Tool Company Emeryvi 11 e Cal i f  ) By regul a t i  ng 
the two stainless steel metering needle valvesp Fig.  1 ,  (4L, Nupro Company, 
Cleveland, O h i o )  only a small amount o f  solut ion i s  taken up from the cell 
although a f a i r  p id  circulation rate through the i o  exchange 601 umn 
i s  maintained. T h i s  arr n t  ensures t h a t  a t  any ti the solution i n  
the resin col 
i s  already ex 
periods . The maintenance of cons tan t concentration 
is very dilute, even i n  those re s where the resin 
4 
I I. 6. Experimental Procedure 
The procedure described in this sect on is essentially the same 
i n  dialysis-osmosis, electromigration-electroosmosis or hyperfil t r  
experiments. 
through the mem 
these changes are compensated by the feedback systems. 
I n  each o f  these experiments the transport o f  s a l t  and water 
ses concentration changes of the cell solutions 5 
The transport cell described i n  the previous reports9 is  assembled 
and f i l l ed  w i t h  deaerated and dist i l led water. 
w i t h  a deaerated 3M NaC1 solution, and the demineralizing system are 
connected t o  the cell e The demineralizing system has four columns i n  
parallel which can be used one a t  a time. The columns are f i l led with 
cation exchange resin (H' form) and anion exchange resin (OH- form) 
(Amberl i t e  IR-120 and Amberl i t e  IRA-410 respectively , C. P o  Mal 1 i n -  
ckrodt Chemical 
exchange resin t o  one pa t cation exchange resin. The a ion exchange 
resin was purified by very slow elution w i t h  a 0.5M 
(40 l i t e r  o f  NaOH solutlon for 500 g resin d u r i n g  one week) followed 
by rinsing w i t h  deionized water. To tes t  the elution procedure used 
after each experiment, a 0.1 NaCl solut ion containing 3 m moles Wac1 
was passed th rough  8 m'B o f  mixed bed resin and the 
eluted again w i t h  100 ml 0.5 
present i n  the eluant was de 
agreed w i t h i n  analytical error (0.2%) w i t h  the amo 
ly passed through the column. 
The autoburet, f i l led 
orkss New York) i n  the vol me rat io  of two parts anion 
NO3 solution. The amount o f  chloride 
rgentometric t i  tr  
t the cell i s  f i l led w i t h   deaerate^ and dist i l led water 
lowed t o  read only, and ini t ia l  vol me changes a 
Calibrated capilla ies (0.2 ml total volume) a 
5 
cell t o  register volume losses caused by leakage, water absorption of the 
"Lexan" plastic, slo ly  d isso lv ing  a i r  bubbles and other error sources. 
These losses can be as h i g h  as IO t o  20 x lom3 cm3/hr from each half-cell 
dur ing  the f i r s t  hours. After several days this rate decreases t o  less 
t h a n  lom3 cm3/hr on the autoburet side and about  2 x lom3 cm3/h 
side of the demineralizing system. 
i s  reached, s o l i d  aC1 is  added t o  each half-cell n t i l  the solution 
concentrations are close t o  the desired values. This is checked by mea- 
hen this constantg low leak rate 
suring the resistance of the conductivity cells inserted i n  each ha 
Then addi t iona l  small amo NaC1 solution o 
distilled water are added t o  reach the desired concentration w i t h i n  0.2%. 
The f ina l  correction is made by operating the feedback mechanism. 
This rather elaborate s ta r t ing  proced re is  necessapy i n  order t o  
be able t o  measure the lea te  for each half-cell i n  the absence of 
osmotic flow. 
system can now be l e f t  for long  periods under the desired concentration 
gradient, which is  maintained by the feedback mechanism. 
time the largest of the four  demineralizing columnss designated as 
"clean up colm 'Ig i s  used. 
i s  made t o  a smalle column and from t h a t  moment onS the transport 
properties are measured. 
In orde t o  ensure the attainment o f  steady state the 
During this 
Mhen steady state is  reachedg a switch-over 
Volume changes dur ing  an experiment can be measured by eithe 
o f  two methods. 
cell and register the displacement of the l i q u i d  meniscus. 
vantages of t 
length and d i  
s tan t  temperatMre box every time a me 
The first i s  t o  attach long c pillaries t o  each half-  
Disad- 
capaci ty  of capi 11 ari es of reasonabl e 
our caseg the necessity of opening the con- 
6 
should be possible, howevers t o  modify ou apparatus for cathetometric 
observation of the meniscus from the outside of the constant-temperature 
box). The second method i s  t o  collect the overflow of one cell com- 
partment i n  a calibrated graduated cylinder and weigh the total amount 
of solution collected dur ing  an experiment. A t  the same time a capil- 
lary connected ts the other half-cell d i p s  i n t o  a weighing bottle f i l led 
w i t h  a pre-weighed quant i ty  o f  solution and sucks this solution i n t o  the 
half-cell. W i t h  this method the total volume transported du 
periment can be determined very accurately; the rate of volume transport 
can be followed only for the volume accepting cell where the solution i s  
collected i n  a calibrated cylinder which permits volume readings of 
moderate accuracy. In general the f i r s t  method is believed t o  be more 
accurate i n  experiments w i t h  low volume transport, the second i n  ex- 
periments w i t h  m t e  and h i g h  volume transpo t. The second method was 
used i n  most experiments reported he 
Before and after each experiment, solution samples are taken t o  
check the correct operation of the feedback system and the resistance 
measurements. To start the measurements after the system has reached 
steady s ta te ,  the "clean up column" is closed and one o f  the other three 
col umns i s  opened Temperature resistance of the conductivity cell s and 
the volume reading of the autoburet re recorded9 together w i t h  either the 
posit ion o f  the meniscus i n  the capi 
graduated cy1 inde 
method is  used for the measurement of volume transport) ,  
periment the same readings are made time intervals except 
the weights of the gr uated cy1 i nder h ing  bottle which  a 
eight o f  the empty 
nd the f i l led weighing bottle (depending on which 
Dwi 
determined only a t  t h e  beginning and the end of each experiment. 
7 
klhen enough s a l t  and water are transported the experiment is terminated by 
measuring solution temperatures conductances and autoburet vol ume is01 ating 
the demineralizing column and weighing the f i l led graduated cy1 inder and the 
weighing bot t le ,  which now contains less solution t h a n  before the experiment. 
In the next section the method for ob ta in ing  the actual s a l t  and volume 
transport from these data  i s  presented. 
Between different experiments the feedback system keeps operating us- 
i n g  the "clean up column". 
formed w i t h o u t  disassembling any pa r t  of the system. klhen al l  columns have 
been used they are disconnected and their s a l t  content i s  eluted w i t h  a de- 
aerated 0.5M NaN03 so lu t ion .  
In this way three experiments i n  a row can be per- 
(When the NaN03 solution is no t  deaerated bub- 
bles form i n  the column during the elution process). The amount o f  chloride i n  
the eluant of each column i s  determined by t i t r a t i o n .  After certain correc- 
t ions described i n  the next section are applied, the amount of s a l t  transported 
th rough  the membrane can be calculated from the data of each half-cell separete- 
ly,  permitting an internal check on the reliabil i ty o f  each experiment by mass 
bal ance. 
111. 
1II.A. Notation and Symbols 










concentration, mole cme3 
total electrical current, Amp 
moles of s a l t  injected by autoburet, mole 
s a l t  correction for concentration change of solution, mole 
s a l t  uptake o f  demineralizing column, mole 
s a l t  correction for  change of vol me o f   electrode^ mole 
s a l t  t~ansport  i n  time t i  mole* 
rection for change of vol of solution 
time, sec. 
8 
3 v partial molar volumep cm mole-' 
"Bu 











3 volume ejectected by autoburet, cm 
volume change o f  solution due t o  injection of V B u 9  cm 
volume change due t o  sal t-water exchange of demineral izing 
column, cm 
volume change of electrode caused by cu rent passageg cm 
volume of half-cell cm 
volume loss from half-cell (leakage) cm 







total apparent volume change measured in capillary or by 
weighing, cm 
volume transport" through membrane i n  time t ,  cm 
density, g ~ m ' ~  
density of autoburet solution , g cmm3 
Faraday Coul omb mol e-' 
3 
3 
Superscripts I and I' refer t o  salt-enriched and salt-depleted ha1 
respectively e 
*Transport in to  a half-cell is taken positive, out of a half-cell negative. 
1II.B. Calculation of the Volume Transport 
The total apparent volume change of the sol t i o n  i n  a half-cell 
), is  calculated from the position change of  the liquid meniscus ("meas 
i n  the capillary, or from the weight change of the s 
bottle (decreased volume side) and the amun 
graduated cy9 i nder ( f ncreased vol ume side) e 
tween in i t ia l  and final volume, and can be positive o negative, For each 
ha1 f-cel 1 certain cor ections have t o  be applied t o  Vmeas 
volume transported t h  ough the membr 
t ion  in the weighing 
on collected in the 
WmaS i s  the difference be- 
9 
corrections are necessary for the au tob  ret (salt-depleted) side and the 
demineralizing (sal t-enriched) side. 
III.B.1. Wolume Transport Calculation for the Sal t-donar Half-cell 
To calculate the volume transported through the membrane, Vi9 
from the da ta  for the half-cell containjng the depleted s a l t  solution, 
the following three corrections have t o  be made. 
a )  During the experiment the autsburet injects a volume VBu 
o f  a solution, w i t h  NaCl concentration cBu9 i n t o  the half- 
cell - 
diluted t o  the lower sa l t  concentration of the solution 
i n  the half-cell. T h i s  dilution process takes place a t  
constant cell solution concentration because of the simul- 
taneous sa l t  and ater transport through the membrane. 
Conservation o f  mass yields: 
This concentrated s a l t  solution expands when i t  i s  
where V i u  i s  the volume increase of the cell solution 
after injection o f  WBu. Hence: 
V i u  has t o  be subtracted from V i e a s e  
b )  In an experiment i n  which an electric current i s  passed be- 
tween the two Ag/AgCl electro me o f  each elect 
10 
changes because of the electrode reaction: 
cat  hodi c 
anodic 
Ag (solid) + C l -  (solution) __3 AgCl (solid) + e- ~ 
The volume change of the electrode, Ve ,  caused by this reaction 
is given by: 
where + stands for the anodic reaction and - for the cathodic 
reaction. In most cases 
the anodic reaction will take place a t  the electrode i n  the 
salt-donor half-cell, b u t  this i s  not always so (e.g. when the 
decrease i n  s a l t  concentration caused by the electrode reaction 
and Na+ transport through the membrane i s  smaller than the 
increase i n  s a l t  concentration caused by d i f fus ion  from the 
other ha1 f-cell) . 
V: has t o  be subtracted from V i e a s  
c )  The apparent leakage from the half-cell 
an experiment has t o  be added t o  V i e a s :  
V[, measured prior t o  
y = y.t 
where ;[ is the leak rate 
experiment e 
(3) 
i n  cm3/sec and t the time of the 
Taking these factors i n t o  account the corrected vol me transport 
through the mernbre!, as calculated from the da ta  for the salt-donor half- 
ce l l ,  then becomes: 
11 
v; = Vkas - PJBU / P i u  - 
III.B.2. Volume Transport 
('("AgC1 - v Ag )*l.t.3-1) 4- $2 (4 1 
Calculat ion f o r  the Salt-acceptor Ha l f -ce l l  . 
The fo l low ing  correct ions have t o  be made t o  Wl;leas o f  the s a l t -  
accepting (demineral i i ing system) h a l f - c e l l  . 
a)  The demineral izing process i n  the mixed-bed ion  exchange 
column i s  caused by the react ions:  
H+ t OH- - H20 
where R stands f o r  the i o n  exchange res in .  
experimental set-up (Fig. 1)  the r e s i n  i s  i n  contact w i th  
a NaCl so lu t ion  o f  very low concentration; during the per iod 
Because o f  the 
necessary t o  demineralize 0.05 m l  o f  c e l l  so lu t ion  the water 
ins ide the demineral izing system (more than 20 ml) i s  c i r -  
culated through the column several times. 
t h a t  under these circumstances the volume change o f  the whole 
system, caused by the demineral izing process i s  small com- 
pared t o  the volume t ranspor t  through the  membrane. 
It may be assumed 
b) As i n  the case of the sal t -accept ing ha l f - ce l l ,  the correct ion 
f o r  the volume change o f  the electrode i n  an experiment w i th  
an e l e c t r i c  current  has t o  be subtr  
12 
- v ) Ag V '  e = +(VASC1 
Again + stands f o r  the anodic react ion and - f o r  the cathddic 
reaction. 
c) The leak r a t e  (normally around 2 p l / h r )  has t o  be added t o  
';,as : 
* 
v; = v;.t (3)  
Taking these three factors  i n t o  account, the expression f o r  the 
volume transport  through the membranes as calculated from the data f o r  
the sal  t-enpi ched ha1 f c e l l  becomes : 
The fo l lowing t o t a l  mass balance should hold w i t h i n  exper~mental 
e r ro r :  
v i  = - p " V i  / p '  
I n  most experiments the  deviat ions from t h i s  r e l a t i o n  were less than 
50 m ic ro l i t e r .  This dev iat ion i s  not  dependent on the t o t a l  volume trans- 
po r t  dur ing an experiment and i s  bel ieved t o  be caused by experimental 
errors.  
13 
II1.C. Calculation o 
The concentration feedback mechanism keeps the s a l t  concentrations i n  
each half-cell constant w i t h i n  narrow limits, Thus the main factors Sn  
calculating the s a l t  transport are the quantity of s a l t  injected by the 
autoburet for the sal t-donor half-cell 
mineral i z i n g  column for  the sal t-acceptor half-cel l .  The expressions 
for the corrections necessary t o  obtain the actual s a l t  transport Prom 
these numbers are the same for the two half-cells. 
and the s a l t  uptake by the de- 
The amount o f  s a l t  (in moles) injected by the autoburet i s  given 
by : 
is determined anal y t i  call y w i  t h  about 0.1 % accuracy e The a u ~ ~ b u ~ e t  'Bu 
was calibrated w i t h  water. VBu as read from the digital dial was 
found to be accurate t o  20.1% i n  our experiments. The NaCS uptake by the 
column, nco, i s  determined analytically by eluting the column w i t h  0.5M 
NaN03 and determining the chloride content in the eluant. The repeat- 
abil i ty of this precess is 20.2%. 
The following corrections have t o  be applied t o  nBu 
obtain n: and n i ,  the s a l t  transport calculated from the salt-donating 
and accepting half-cells respectively. 
a )  A1 though the concentration feedback system keeps the concen- 
trations of the solutions accurately constant, small deviations 
(normally less than 20.03%) do occur. The temperatu 
stancy is *O.Ol"C, approximately equ lent t o  a change 
1 
i n  solution conductance of +0.02%. Another factor i s  the 
overshoot of the feedback systems which is normally 0.01% t o  
either side a1 though  1 arger overshoots sometimes occur. 
Even these small differences between ini t ia l  and final con- 
centrations, o r  between any two times of measurement, do 
constitute a small correction facto i n  the sal t  t r  
This correctiong nc,  has t o  be s btracted from nBu or  ncol: 
nC (9) 
where Vhc is  the to ta l  volume o f  the half-ce1.l; c f .  
are the final and ini t ia l  concentrations respectively. Since 
the total sa l t  transport, n t ,  i s  normally of the order of 2-5 
mmoleaand Whc2200 ml , i n  a 0.5M solution nc can be as much as 2% 
of nt. Although Vhc is-only known approximately, due t o  the 
various connections, It bing and capillaries,even an error of 
20 ml i n  Vhc would change the sal t t rans~ort  by only 0.2% a t  max- 
imum.  nc has t o  be subtracte or ncol. The metho 
for calculating the solution concentrations from the tempera- 
ture and resistance readings is given i n  the appendix. 
b )  The volumes o f  the solutions i n  the two half-cells change dulrin 
an experiment because of the s a l t  an t e r  t r a n s p o r ~ ~  This 
volume change causes a cor ection i n  the sa l t  transport, rive 
ed volume change i n  
bottles I) WmaS is n o t  the 
3 
solution. A correction t o  \B has t o  be made for the 
volume change o f  the electro 
passed: 
when an electric current i s  
nv includes the sa l t  "lest" f om each half-cell by virtue o 
the small volume leakage term. 
cially i n  hyperfiltration expe iments nv i s  a sizeable cor- 
rection factor. For a 0.5M solution, as used for the h i g h -  
concentration so lu t ion ,  i t  may be as much as 40% of ntt' 
Since Vmeas and c'  o r  c" are known accurately, the possible 
error i n  nv i s  less t h a n  0.5%. 
In dialysis-osmosis, and espe- 
Taking these factors in to  ccountp the eq atisns for the s a l t  
transport become: 
a t  the sal t-deplete (autoburet) side 
-n: = vBucBu - W A C  (c"-c") - c" CVt;;eas (+ ('Agc1 -v Ag ).a*t.3-1)] (11) f i  
and a t  the sal t-enriched (demineralizing system) side 
As for the volume change, the l a s t  terms o f  the r i g h t  hand si 
t ions (11) and (12) are positive for an a odic reactton and negative f o r  
a cathodic reaction. 
experimental error e 
In each experiment n i  sho be equal t o  -=ni w i t h i n  
1 
Equations (4)9 (e), (11) and (12) enable 
s a l t  and volume transport th rough  the me~rane  for each half-cel 
ly .  They hold f o  transport exp riments. Normally one o f  the two 
ha1 f -cell s gives 
amount transported the sol u t i  on concentrations and the various experi - 
e accurate result than the other, dependent on the 
mental errors. 
check on the reliabil i ty of the results, 
Even s o 9  the system always enables us t o  make an internal 
IV. Future Work 
A set  of measurements, inc lud ing  d l  smsi s el ectromi - 
gration-electroosmosts, kydraul i c  flows membrane potential and stream- 
i n g  potential, for a AMF-C-103 cation exchange membr ne bounded by 
0.5N and 0.1N NaCl solutions i s  now under w a y .  The results will be pre- 
sented i n  one o f  the ext reports. Fol 1 owing thes measurements the 
a d d i t i v i t y  of the different forces will be tested by comparing experi- 
ments where the electroosmotic flow o r  the hydraulic f low are  either 
i n  the same direction as the osmotic f l o w  or i n  the opposite 
These measurements will indicate the influence o f  a bossfble change in 
concentration profile inside the membrane on the various transport CQ- 
effi  ci ents . 
The Measurement of Concentration Changes During an Experiment 
t e r  each exper 
1  concentration^ A t  
iment, the ele 
t tons are meas 
The estimated e r  n is  less than 0.2%, 
This is  not accurate enough t o  etect the small variations i n  60 
t ra t ion  usually ess than 0.05%0 of the cell solaations between two 
measurement times a Therefore the resistance measurements are 0 
calculate the correction for these concent ferences (Section 
III.C., a). Since only concent 
factor a l l  changes ape measured 
which is determln by t i t r a t ion .  Tern tration vary 
i n g  an experiment and both ~ a r i a t i o n s  influence the measure 
la te  the concent 
t o  the i n i t i a l  concentration, f irst  the me red el ectri sal resistance 
of the conductiv 
In this w a y  a l l  
(25.0OoC for expe 
using l i terature 
Differences I n  t 
and a dace  rests 
i t y  o f  +o a 005% d) 
18 
d the resistan a t  this tempera- 
ture$ rT are 
i s  calculate 
The resistance of the 
where R25 and '25 are the resistance of the cond 
thermistor a t  25°C respectively. 
determined by c 
aT/ar and '25 o 
thermome ter  e 
and 25°C i s  0.0206 OCS1 for a 0.5W NaCl solution 
for a 0.1M NaCl solution. 
The temperature control mechanisms reduce the difference between RT and 
RZ5 generally t o  less than 0.02%. 
For a 0.5M NaCl solution R25 is  around 120 Ohm. 
Once this temperature correction is made the ~ o n c e n t ~ ~ t i o n  
differences are obtained from R25 a d l i t e r a t ~ r e  d %a for the specific 
conductancee IC. 
w i t h  unknown concentration c f9  i s  calculated Prom the 
sistance o f  the final solution, a t  25"C, R f 9  the resistance of the 
ini t ia l  solution, Ri and the known specific con 
lution, I C ~  by: 
The specific conductance9 icf, of the final solution 
nce o f  this so- 
Finally the conc c f ,  is  obtai 
, us ing  conductanc 
ICf 
periment, A t  t h  
9 
also. Titration o f  the initial and final samples should yield results i 
agreement with the calculation from resistance measurements. 
20 
